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The major effort of the research program was directed toward N

1yf;;§:“‘jf;‘f"envtronmental conditions that might serve as constraints upon the

w&*léﬁfplaaats such as Mars.

Our previous studies on low temperature as a constraint upon

g :“*;i microorganisms in simulated Martian environments provided evidence for

ing and thawing (1). In an extension of this line of investigation,
'f;? we have examined several physiological factors affecting the rate of
,}Zkllllng of microorganisms subjected to dry Ice temperatures (77806.).':;f?'1

?;.and thawed to 119C..

Repeated freezing and thawing of culturﬁs of Escherichia ¢oll

" evolution or development of microorganisms on the surface of anaeroblic f«;74”‘

: 7f1the ublquity of terrestrial microbes capable of surviving repeated freezf:“7{*

' i%ﬁibin liquid medium, resulted in a linear decrease in the number of sur= - @

i }'lii viving cells as a function of the number of freeze-thaw cycles. The . e

’“.:*g‘ slope of this curve provides an index of susceptibility of a culture
77+ to death by freezing and thawing. The killing rate was found to be in= .
-" . dependent of the phase of growth, the state of anaérobtoSIS'during

1f119f°"th. and cell concentration during freezing and thawing. However,

;Effthe presence of spent growth medium (a filtrate of a dense culture)

];{*ff;:j’j€55  during freezing protected against cell death. The protective factor(s)'f:;ﬂgif 

: i,“'f;qf_is presumably produced during exponential growth, and is heat labile in

""f_the presence of alkali. Protection appears to be a conséﬁuence of an

.,fﬁ;};iff;{}i:alteratlon of  the ionic composttlon of the medium rather than the pro=

‘_findtlon of an organtc compound. A paper based on the results of freeze- ::

:fﬁﬁithawtng axpertments has been accapted for publlcatlon (2).'k§:_,




......

T at . . si and de

" STUDJES ON ALTERNAT|VES FOR ATMOSPHERIC OXYGEN;

The absence of detectible quantities of free oxygen in the contem=

\

. . porary atmospheres of other planets in our solar system has raised the

- -':f; question of whether anaerobtost§ is a potential constraln; upon bio-

oxygen would impose serious restrictions upon oxjdative processes in ‘
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- By analogy with terrestrial anaerobic environments, a number of !n-

% organic or photochemical oxidants may satisfy the requirements for

. _molecular oxygen as electron acceptors under the anaerobic conditions

With denitrifying bacteria from our culture collection, as well as frou -

" of planets such as Mars.
Since the microbiological oxidation of the benzene ring requires '
the addition of molecular oxygen as a preluvde to enzymatic cleavage of

the aromatic C-C bond, this system provides a convenient model for in-

vestigating the participation of alternative electron acceptors in anae= .

nitrate, sulfate or other inorganic oxidants can satisfy the requirement " '

. for molecular oxygen in the microblal oxidation of aromatic compounds.

enrichment experiments, evidence was obtained for the reduction of
. " nitrate to aitrite during the metabolism of benzoic acid. Similarly,. -

" reduction of sulfate to sulfide was observed in analogous experiments

. with other aromatic compounds. As further evidence of the ability of

3 f’. sulfate reducing bacteria to rupture the aromatic ring, acetic acid was

~ found to be a‘major degradatlon product nnder ariaerobtc conditions.

With vamdate as oxldant. evldam:e for reduct!on durlng substrate oxtda-'
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"* chemical evolution. It has been suggested that the absence of molecular ' y .

- robic degradation reactions. Experiments were designed to determine if -




o Studies on the photochemical oxidation reactions in non=sulfur |
“;.'purple bacteria provide additional support for the hypothesis that a . _;’;-,
light generated oxidant can substitute for molecular oxygen. In the -
.‘ _ dark, facultative laroblc photosynthetic bacteris such o3 mm_qgo_wm_
n__g palustr]s consume oxygen; if they are exposmi to llght, oxygen up=
take Is strongly inhibited. The action spectrum for this light Induced
"';;.inlﬁbltlon of resplration ‘lndipates a close correspondence between th‘e‘ ’ s
inhibitory effect and the spectral absorption of photosynthetic pigments ; |
(4). This intimate coupling between photosynthesis and respiration o
.. suggests that light induced changes In respiration provide a simple
| ’measura of the photochemical oxidant. When resﬁiratory changes were’ .
.‘ followed polarographically and manometrically, preferential utillzatloAn‘ v

of the photochemical oxidant for substrate metabolism was' observed.

. Addition of 3~=(3,4-dichlorophenyl)==1,1~dimethylurea (DCMU) did not
. appreciably alter the light induced inhibition. The insensitivity to |
ST DOMU provides evidence that the photochemical oxidant is independent of ’ ‘v'.i..-'

. oxygen evolution. These results are consistent with the idea that a

. " Mgh potential oxidant can be generated by a light dependent reaction, | _-
' that the oxidant can compete with respiratlon, and satisfv the remure- *'1
ment for molecular oxygen. N
To obtain evidence for the involvement of anaerobic oxidants in

| oxidative biosyntheses, we have initiated a study of oxygen-requirtng

~steps In the formation of carotenolds. porphyrins and related photo= .

synthetic plgments.~ A nunber of naturally occurring carotenoids have

been reported to eonmn koto. hvdroxy. methoxv. ond epoxv groups (5)~ o




.""’:-ln each case, @ light dependent reaction appears to satisfy the require=- o

" ment for molecular oxygen to Introduce these functions. Studies with
..~ photosynthetic bacteria clearly, demonstrate that in t'he'absenee of light,
:; :;_ oxygen Is required for such synthetic reactions. |

in porphyrin synthesis, conversion of coproporphyrlmgen il to

‘.prgtoporphyrln IX requires molecular oxygen for the oxidative decarboxy=
S lation reaction (6). However, the presence of such porphyrins in strictly '
anaerobic photdsynthetlc bacteria suggests that an oxidant generated by | ‘
- . a photochemlcal reaction can fill the role of molecular oxygen. Since .

" P both sulfate reducing bacteria and denitrifiers can synthesize these
‘ pigments under anaerobic conditions, the photochemical oxidant may
o correspond in function to an inorganic electron .acceptor. In the absence

S of such inorganic electron acceptors, the photochemical oxidant must be *

derived from water.
S The emergence of photochemical mechanisms capable of partlclpatlng‘ o

ln oxidative reactions in anaerobic environments has important lmpllca-f .:
L tions for biochemical evolution. These were recently discussed at a - -
: synposlum on photobiology and photochemistry in space research (7).

TUD]ES ON ULTRAVIOLET RADIATION AS AN ENVIRONMENTAL CONSTRAINT: | »
| it has been postulated that the ultraviolet (Uv) radiation which

penetrates to the surface of anaerobic planets such as Mars, would
lmpose a serlous constraint upon the development of photoblologlcal
.';;'.Pl‘ocesses. and that photosynthetic organisms on Mars, if any, must be |
able to contend with the UV component which accompanies the visible lights ..~

ln our earller studies we observed that UV opaque materlals can provlde

' shleldlng for sensltlve genetlc detomlnants (8) Frquy experiments on’' -
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" ment for molecular oxygen to Introduce these functions. Studies with
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